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SECOND QUARTERLY REPORT

Gontract fDA-36-030~SC-B6T37
Opder FlO0B0eEPeG2-81.581

CRes [ Tl 65} JU

Puarpone:

The purpose of this ztudy is %o desgign and cervy out
the producition englnsering necegsary for the nanmufacture
of gquarts crystals for filter applicationg operaiing on
the third ovexrtone in the freoquency range of 30 to 60 MG/ s
1n secordancs with Sigoal Corps Specification S0S-135 dated
20 Pebruery 1962,

It is algo the yurpose of thisg progrem to carvy oub
Step I of the Productlon Inglnsoring Measgures ss specified

in Signel Jorps Industrisl Freparedness Proourement

Requirements #15 dated 1 October 1D5B,
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ABSTRACY

Improved design data for AT Cut Queartz Ooysitals
for filter applicaitlon, operating ou the third overw
tone at 30 MC/s is given.

Detalls of Simal lapping and polivking operation
are outliined as ape the plating techniques for all
aluninum elsctrode unit.

A ecoppariscn of electrical varvemelers ls glvex,
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HARAAYIVE

Ag wes veporited in the Mwat Quarterly Report, the
two wajor problems that arose were unsuitable surface
conditions and unaccepbable eleotrode plating,

& rigorous investligatlion of the lapplng and polishing
procedures was underitaken as the first objectivs,

The majority of zll crystals fabriecated by E. B,

Lewlisg Oo., Inc., prior 4o auy vork coneerned with this
contract did not invelve extensive polishing technique.

All lapping opevations were performed on P.R. Hoffman
Model PR~1l Planetery Lepps. The polishing was done on Hwo
YanConey Iapps. The extent of the polish was more in the .
wey of o finish lepping operation using American Opbdiczl
#309 polishing compound, with a particle size of one %o
theee microns. Iv wosm nolleced thad in the abtitenpt To
achleve a finer finish using the American Optical F309. the
mrpalatance of the orysial unite was lmproved %o a polni.
However, ag the degree of poligh wss incoreased, the yoslisbance
uf the crystals sunddenly increased %o & point where they would

be upacceptable,

iy weas goon vealized that the crystals requived on this
contrect would requize o mich fluer finish, further in the
higher fraguency wange 1t would be necessary to coutrol the

logses due %o breakage when lapping the very thin plaies,
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Bouoally inportant would be the control of flatness and
frequency spread, For these reagong 1t became necessary o
use the Phelpor Model 12FF Planetary ILapp ox the P, R,
Hoffman PR-4, For polishing the Vanloney Lapps are pabtis-
Factory with the exceptlon of a speed incrensge fron 750 RPM
s0 1200 RPY,

Manlish Impping Operation:

For crystals operating on the third overitone at 30 MC/s,

the fundemental frequency is 10 NG/ /s, Twenty-four ,312

dismeter bleals in gix carxiers comprise the load e

_N

blankes are 8485, 2256 KG/s cub of intermediate lepping, Interw
mediate lappling is done in a PRI using Carborundum Company
RO Abzagive with 2 graln size of 11 microuns.,

The orystals are then lapped using Smerican Optiecal M305
Lbregive and & radio yeceiver Lo moniltor frsquoncy. At 10 MU/s

the freguency spread is spyvosimately 10 X0/s, Freseut pro-

&

cedures require that the lapping plaies be corrcgbed when the
frequency spread approaches 20 KC/s.

The Pre~Pollish fLreguency lz deternined 1n such a way that
for two minutes of polish they will be vell within the Pre-Plate
frequency tolerance.

Polishing Operation:

The crystals sre run in the VanConey Ilapping Machine for

two minuites, The polishing conpound usged 1s composed of white

rouge, distllled water, %ri-sodivm phosphate snd a wetdtling ageunt,

The frequency afier polishing ie 10,035 KCG/s 310 K¢/s. Prior

to bazese plating the crysiels arve frequency calibrated and goried

into groups where the maximum spresd is 2.5 K0/s,
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The problem of & snitable clectrode pla%ing Was neww
investigated. '

An evaluation wes made on the basis of whe flyst
soystols fabricated. It would appear at this dime that an
all oluminum electrode wlll be necessery,

The first difficulsy snconnbered wag aun *nccnszsﬁun»y
in the amount of plate back obianined usingvboth & ‘tungohken

filanent in the Constaptin Model % and our own Hstlonal
Regsarch Modeld, CU Bage Plater uging molybdemum boats,

It was found that an amalgamatlon occurrsd between the
alumiaun ond btungsten which czused less aluminum to be
evaporated on the crystals with each muccesslive plating
operation, and Zinally & compleie deterioration of the
filament,

This hos beon overcome by the conabtruetion of a
apecially formed filamept whieh ls essentinlly helical in
shape snd meds up of Live turng of %Angg ben wire conslsbing
of ihrese sironds approx amnﬁely uGEQ-inghesfim dinmeter,
%Jﬂifw ment configvration les proved to be the most
dursblie to dabe, and ie showwm In Figore I,

Speclial cylindricsl chambers wers made up fo vse with
the Model 5 Comstentin Plater o faecilltate the mounting of

the masks, A glame plate is used ag o cover %o allow

ohgervation of the £iring. We are planning 4o introduce o

resistance measuring dovies so thnt wnlform conduotivity with

each guccegpive firing oan be oblained,
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A further problem which has developed with the use of
aluminum is the loss of conductivity between the spring
contect and the plated electrode both before and after
beading, but much nmore severe after beading., We believe
this is due to an oxlde formed on the surface of the
aluninum electrode, At present the crystals ars immediately
mounted into the holders after base plating and cement besds
applied to the springs. The cement used ls DuPont #5504 and
is baked at 135° O for a period of 1~3/2 to 2 hours. This
procedure solved the problem of conduotivity loss, however
1% was noted thaet on further lavestigetlon it was found that
loss of conductivity was not as serious as first anticipated
1f the crystals were processed immediately after dase plating
and stored at 132° ©,

Final frequency adjustmenit is made by etching the electrode
with & .5% solution of MAOH, The etching time roguired For
final frequency adjusitment is determined primeriliy by the
gtrength of the etching solution and the amount of base plate
previously appiied. AV present, satisfactory results are
obtained using the .5% HAOE solution on crystals that are 30
to 10 KCG/s below the "Rinished® or "Final" frequency.

The next procedure was to determine the oytimum electrode
diemeter which would perml® us to nmeet the paramsters specified
in the S08-135 Specification, The procedure ls baesd on pre-
vious work doue by Dy. Rudolph Bechmann of the United States
Army Signel Research and Development laboratory, Fort Monmouth,
New Jersey.
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A pnew electirode diameder was declded upon and a new negk
ordered, however, it was not available in time for evaluation
In this report. But one of cur productlon masks with the
proper dismeter eleotrode end a wlightly dlfferent teb desisn
was used sunccszsfully. The desgign of this elecirode as well ag the
new one are shown in Figures 2 and 3,

Uryatals fobrleated with the new electrode dlemeter were
degighated 8C-1307. X-Y Plots of two of these crystals mounted
on %,%' and X, X' regpectively sre shown in Figures 4 and 5.

Table I presents a corfpazigon of the parameters fox the
801430 and SC~1307 units with the meximun values obiained
from the S0S-135 Specilflcation,

The asgenbly of the SC-1307 is showm in Flguvres 6 and 7

for crystal unlts mounted on 2,37 and X,X' reepectively.
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SC=1430 S0=1307 SC5w135

fo= 30 MC/m

Oo= ,989 pZ

B= 250 olms

df= 95 cps

oy
T T4A30

Q= 158 x 107

'Ic 209 mby

pf

fo= 30 MO/s
Co= 1.22 of

Gf 211 cpg

N T2.35 why

fo= %0 MC/s
[1]

2= 100 ohme

-

Jaf= 200 ops

Cy= 3 x 104 oF

r= 5000
3

Q~ 179 % 20
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Concluglons: , ,

It is evident that the requizrenents of <the 'SC’S»ZBB
Specificatlon with regerd to uwhwanied modes and elecizlcal
paremsters cen be met for the 30 MG/ f.reqﬁezwy TANES .

The tochnigques that we are mow using fox final
lepping and pollshing will be adequate for production in
guantity of -I:he ORw { XM=46} /U crystal in the 30 Mo/ s
frequency ¥ange.

It will be necessary, however, to work out & more
ef:(;‘ioic%nt nethod of aluminum plating so that the frequency
spread afber base plamné is held %e o much closer tolex-
ance Lo Pacilitabe a more ropid rate of produciion in

final frequency finishing.
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Progran for the Next Interval:

In the immedlate future we will process a sufficiently
large lot of orysials at the 30 NO/s frequency; from %his
lot sanples for submission to UBASEDL will be selected.

The remalnder of the units will bs evaluated and & staltis~
tical snalysie made to determine where say problems might
arise in production,

Inisial work on the design of the 45 MO/s units wlll
be started durling this time.
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Conferences: ‘

During the interval covered by this report, the
following conferences were held,

26, 27 and 28 November 1962, Mr, Albert E, Schlick,
Propexrty Manager, U. 5, Army Electronics Materiel Agency,
visited our plant for the purpose of assisting us in the
completion of the DD1342 Fforms end outlining the contrastors
responsibility oconcerning the adwinistration and account-
abllity for govermment owned propsriy,

3 January 1963, Mr, H,J. Barrett, Industrial Equipment
Speoislist, U, S, Army Electironics Materiel Agency, Industrlail
Equipment Division, vigited our plasnt for the purpose of
accepting for the govaeriment the L£inal three items under
Schedule "A" Facllities that were ascquired for the account
of the govermnment.

23 and 24 Jenmary 1963, Nr, Ssnto Tutino, Aunditor,
Brildgeport Area Office, U. S. Army Audit Agency visited our
plent for the purpose of auwdit,

Page J1




3

|

b—’—-—‘ P

Pt

T

\

Ernest B. Lewis
Robert P, McClomb
Crystal Fabrication
TOTAL MAN HOURS
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E. B, LEWIS CO., INC. EAST HARTFORD,CONN,

FOR SHIP TO
USAEMA PROMISED DELIVERY DATE
PHILADELPHIA, PENNA Jan 15, 1963
S. 0.__EL 6847.B
CONT# DA-36=039=-5C-86T737
DESCRIFTION: , ORDER# 19059-PP-62-81-81 P.0.
ITEMS 1-1-1 DATE___Dec 27, 1962
ENGINEERING SAMP.LEE ,
15 Ea, @ 30,000 MC/S
Natural Quartz How Shipped
PYDchS 5‘0 F)eCcS .
\\Q - \%/L,\
. SCHEDULED
Cutting 35‘Q27I +2' TOR:

Squaring 370 #2202 4in S Klat Paralle/ zz’

LePPing £o/p ik Gpre) FFrnslel Fo One Lis4F SEnd
L 177 s

ﬁe/'&/y/ifx-fj— S 60 Aok
Frepolssh Keg « &£ GKEL [ 2D
OuFoo0f Totor macdont £ pop Fsas2 25Ky,
Plati,ns’ d{g/wi' 7,%/45. 97//%’3/'
LY Aoy Swls o X
2078 Sy FHbs  os =z =
Finishing,0 >% o/yy 7945 00, ¥ ¥/
Oscillator 7—5\(&3 ATy /,'/f/y(_’/ Yoy a/,mf /77/;

Correlation ‘
Lored s E&lp/):f 2%
Testing A7, /- C - 30 I,
Scs - /58

Shipping

OFFICE COPY




Formulae for Cxystal Parameters

(L)

{2)

(3)

{4)

Wheres
‘G.i =
o =
Oy, =
P =
af =

i
t

R = Equiveleant resistance of the orygtel unit ot Serles
Resonanes,

= Lo
0y =%

L:}T-I-;

- Mesional Capacitance
Statie Cepaciitence to one decinel place

Ioad Capacliance in »f {20.0)

Retio of Statlc Capaclisnce %o Motional UJapscliance
Miference in frequency (in OPS) between Ssvies
Reponance and Antl Besonsnce at 20.0 pf when
measured in Uryetal Tmpedsnce Meter T8~683/18SM

- Measured Series Resonant freguency of the crystal
unit in CPS

v =2 T ¥s




